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Objective: This study was conducted to assess the canal
anatomy and morphology of the first and second
mandibular premolars in the population of north Syria.
Methods: One-hundred and sixty permanent fully devel-
oped apices of the mandibular premolars (95 first
mandibular premolars and 65 second mandibular pre-
molars) were collected and stored in 10% cloramine-T
solution. Teeth were stained with India Ink and cleared.
The number and the type of root canal were examined in
the root of each cleared mandibular premolar.
Results: The results showed that 82.1% of first mandib-
ular premolars had a single canal and 17.9% contained
two canals. Eighty three percent of second mandibular
premolars had a single canal, 15.3% two canals, and
1.5% three canals.
Conclusion: Most of mandibular premolars have a single
canal with the probability of presence of two or more
canals. This possibility of the existence of two or more
canals in the mandibular premolars should be considered
by the dentists while performing endodontic therapy.
Keywords: Anatomy; Cleared tooth; Configuration;
Mandibular premolar; Morphology
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Knowledge of pulp anatomy is essential for endodontic
treatment success, and a lack of sound knowledge of the pulp
anatomy can contribute to treatment failure. The morphol-
ogies of the roots and canals of the first and second
mandibular premolars can be complex and variable. Due to
this varied morphology, the endodontic treatment of
mandibular premolars is a challenging task.1 Slowey
indicated that the mandibular premolars are difficult teeth
to treat endodontically likely because of the variations in
canal anatomy.2 The distributions of the numbers of roots
and canals vary greatly in the literature.3 The root canal
morphologies of the mandibular premolars have been
reported based on studies of various population groups
(Table 1), including Chinese,4 Turkish,5 American,6,7
Mexican,8 and African American populations.6
Zillich and Dowsen revealed that second or third canals
are present in at least 23.1% of first mandibular premolars
and in at least 12.1% of second mandibular premolars.9
Vertucci found that the mandibular first premolar has one
canal in 74.0% of teeth, two canals in 25.5%, and three ca-
nals in 0.5% of teeth. The mandibular second premolar has
one canal in 97.5% and two canals in 2.5% of teeth.10
Luet al. indicated that 54%ofmandibular first premolars in
a Chinese population exhibited a single canal, 22% contained
two canals, and 18% exhibited a C-shaped configuration.4
Baisden et al. found that 76% of mandibular first pre-
molars demonstrated Type I canals, and 24% contained
Type IV canals, and the shapes of the canals were predom-
inantly oval or round. Interestingly, C-shaped canals have
been found to be predominantly associated with Type IV
canal systems; this pattern has observed in 14% of roots.11
Jain and Bahugund12 studied the root canal morphologies
of mandibular first premolars in a Gujarati population and
concluded that mandibular first premolar teeth
predominantly had one root and a Type I canal system
(67.39%).
Zaatar et al. found that 95.3% of mandibular second pre-
molars have one canal, and 4.7%have two canals.13 InFrance,
Geider et al. observed that 86.6% of mandibular second
premolars have one canal, and 13.4% have two canals.14 In
Turkey, Sert and Bayirli revealed that 71% of mandibular
second premolars have one canal, and 29% have two canals.5
The methods that are commonly used to study root canal
anatomy include radiography8, clearing techniques,15 direct
observation with a microscope,16 3D reconstruction,17 and
macroscopic sectioning.4,11 Conventional radiography has
the problem of superimposition18; moreover, this techniqueTable 1: Some studies show number of canals in the mandibular firs
Study Teeth in study Geographic
Vertucci197810 First premolar
second premolar
USA
Lu et al20064 First premolar China
Baisden et al199211 First premolar USA
Jain and Bahugund201112 First premolar Gujarati po
Zaatar et al199713 Second premolar Kuwait
Geider et al198914 Second premolar France
Sert and Bayirli20045 Second premolar Turkeyresults in a two-dimensional representation of a three-
dimensional object. The difficulties encountered with other
methods (e.g., cross or longitudinal sections) include
disturbance of the pulp space and its surrounding structures
during the preparation of the teeth.19
Advancements in the field of radiology have drawn upon
the use of computed tomography (CT) to image imaging
teeth. Eder et al. reported that CT is a viable tool for the
evaluation of unclear root canal configurations.20 Spiral
computed tomography (SCT) is also a more useful
technique for assessing unusual root canal morphologies
compared with routine intraoral periapical radiography.21,22
A cone-beam computed tomography has also been used to
study root canal morphologies because this non-destructive
technique provides three-dimensional pictures23; however,
this technique is expensive and requires complex devices24
Until 1982, the clearing procedure was used for anatom-
ical studies of the pulp cavity.25 In 1983, Tagger et al. put
forward an improved method that utilizes methyl salicylate
as the clearing agent for three-dimensional studies of apical
leakage.26 The benefits of this clearing technique for creating
transparent root canals include the following: it enables
three-dimensional assessments27; it maintains the original
form of the root canal, including minute details28; failure in
the preparation of the specimen is rare; and the specimen
can be preserved for a long time.
The purpose of this study was to investigate the canal
configurations of the first and second mandibular premolars
of the population of north Syria.
Materials and Methods
This study was approved by the Research Ethics Com-
mittee of the College of Medical Science, University of Sci-
ence and Technology, Yemen.
Totals of 95 extracted mandibular first premolars and 65
mandibular second premolars were collected from various
dental clinics within north Syria. All of the teeth belong to
people from northern Syria. The teeth included in this study
had intact clinical crowns and fully developed apices. Data
regarding the age and sex of the donors and the reasons for
extraction were not recorded. Any adherent soft tissues, bone
fragments or calculus were removed via scaling and polish-
ing. The number of roots was recorded in this stage
(Figure 1). Access cavities were prepared with a high-speed
handpiece and diamond fissure burs (Komet, Gebr. Brass-
eler GmbH & Co. KG Germany). After locating the orifices,
the pulp tissue was dissolved by immersing the teeth in 5.25%
sodium hypochlorite (Clorox, Dammam, Saudi Arabia) fort and second premolar according to population groups.
area 1 canal Results% 2 canals 3 canals
74 25.5 0.5
54 22 0
76 24 0
pulation 67.39 32.61 0
95.3 4.7 0
86.6 13.4 0
71 29 0
Figure 1: Second lower premolars with two roots.
Internal anatomy of mandibular premolars 39312 h. Next, the teeth were washed under running tap water
for 2 h and dried overnight. India ink (Daler-Rowney
Limited, Bracknell, England) was injected into the pulp
chamber via a syringe with a 27-gauge needle. Excess ink was
removed from the surface using gauze soaked in alcohol. The
stained teeth were air-dried and decalcified with 5% hydro-
chloric acid (ScP, Ltd., England) for three days. The acid
solution was changed daily, and the teeth were washed under
running tap water overnight and air-dried. The specimens
were dehydrated in ascending concentrations of ethyl alcohol
(75%, 85%, 96%, and 100%) for 4 h in each concentration.
Finally, transparent specimens were obtained by immersing
the dehydrated teeth in a methyl salicylate solution (BDA
Lap. Supplies, England) in which the teeth were stored until
they were examined (Figure 2).
The cleared teeth were examined using a magnifying glass.
The root canal systems were classified according to the
classification of Vertucci (1984) as follows7:
Type _: one single root canal extending from the pulp
chamber to the apex.
Type II: separate root canals leaving the pulp chamber
and joining short of the apex to form one canal.Figure 2: Cleared teeth. A: Type I canal configuration, B: TypType III: one root canal leaving the pulp chamber before
dividing into two canals within the root and then merging
to exit as one single canal.
Type IV: two separate root canals extending from the
pulp chamber to the apex.
Type V: one root canal leaving the pulp chamber and
dividing short of the apex into two separate and distinct
root canals with separate apical foramina.
Type VI: two separate root canals leaving the pulp
chamber, merging in the body of the root, and again
dividing short of the root apex to exit as two separate and
distinct canals.
Type VII: one root canal leaving the pulp chamber,
dividing and rejoining within the body of the root canal
and finally re-dividing into two distinct canals short of the
apex.
Type VIII: three separate and distinct root canals
extending from the pulp chamber to the apex.
Results
A) First premolars
All 95 mandibular first premolars were single-rooted
(100%). Among the mandibular first premolars, 82.10%
had single canals (Type I), and 17.90% had two canals.
According to Vertucci’s classification, the canal configu-
rations of the mandibular first premolars were as follows:
Type I, 82.10%; Type II, 1.05%; Type III, 2.10%; Type IV,
2.10%; Type V, 11.57%; and Type VI, 1.05%.
B) Second premolars
Of the 65 mandibular second premolars, 2 (3.07%) had
two roots.
Among the mandibular second premolars, 83.07% had
single canals (Type I), 15.38% had two canals, and 1.54%
had three canals (Type VIII).
According to Vertucci’s classification, the canal configu-
rations of the mandibular second premolars were as follows:
Type I, 83.07%; Type II, 10.76%; Type IV, 4.62%; and Type
VIII, 1.54%.e IV canal configuration, C: Type VI canal configuration.
Table 2: The number, percentage and canal configuration in mandibular first premolars.
Roots Canals Canal configurations
1, 2 1, 2 I II III IV V VI VII VIII
Number 95, 0 78, 17 78 1 2 2 11 1 0 0
Percent% 100e0 82.10e17.90 82.10 1.05 2.10 2.10 11.57 1.05 0 0
Table 3: The number, percentage and canal configuration in mandibular second premolars.
Roots Canals Canal configurations
1, 2 1, 2, 3 I II III IV V VI VII VIII
Number 63, 2 54, 10, 1 54 7 0 3 0 0 0 1
Percent% 96.93e3.07 83.07, 15.38, 1.54 83.07 10.76 0 4.62 0 0 0 1.53
A.A. Habib et al.394The results are summarized in Tables 2 and 3.
Discussion
Knowledge of both basic root and root canal morphology
as well as possible variation in anatomy of the root canal
system is important in achieving successful nonsurgical root
canal treatment. This is followed by negotiation, cleaning
and shaping, and obturation of the entire canal system in 3
dimensions. Variation in root canal morphology was sug-
gested as the most likely reason for the high frequency of
endodontic flare-ups and failures.3
Many studies of the root and canal morphologies of
mandibular premolars have been conducted because these
teeth can present with complex morphologies that often
complicate treatment. The majority of these studies have
involved complete destruction of the tooth during examina-
tion (e.g., hard tissue sectioning) or have acquired only two-
dimensional anatomic information (e.g., traditional radiog-
raphy).29 Therefore, the current study used the clearing
technique because the non-destructive technique is advan-
tageous in the assessment of canal morphology. This tech-
nique has been used in several previous studies to visualize
root-canal morphologies in detail and to evaluate the seal-
ing abilities of materials or techniques that are used for
obturation.30e33
The results of this study revealed that 82.10% of the
mandibular first premolars exhibited single canals (Type I).
This proportion is higher than those reported in many pre-
vious studies.4,10e12 A high prevalence of the Type V
configuration (11.57%) of the roots of the mandibular first
premolars was also observed in the present study, and this
finding is not similar to that reported by Baisden et al.11
The results of this study revealed that 83.07% of the
mandibular second premolars exhibited single canals. This
proportion is lower than those that have been reported in
many previous studies,9,10,13,14 but this proportion is greater
than that reported by Sert and Bayirli.5
All of the mandibular first premolars and 96.93% of
mandibular second premolars in the present study were
single-rooted, and these findings are similar to those of many
previous studies.4,13,15
A great deal of variation has been reported in the litera-
ture with respect to the root and root canal morphologies ofteeth, and the human mandibular premolar is no exception.
This variation in the internal canal morphology of the hu-
man mandibular premolar might be due to hereditary and
ethnic differences.
Conclusions
1. The majority of mandibular premolars have a single canal,
but the presence of two or more canals is not rare;
therefore, when administering endodontic therapy to
mandibular premolars, clinicians should always assume
there are two or more canals in these teeth.
2. This study and previous studies have demonstrated sub-
stantial ethnic differences in the internal canal morphol-
ogies of human mandibular premolars; moreover, because
these studies have been performed in different geographic
areas, the findings confirm the influence of hereditary
factors on the internal canal morphologies of human teeth.Authors’ contributions
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